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microbial carbon capture and utilization technology has become a vital bridge linking carbon
neutrality and the sustainable bioeconomy. This paper systematically reviews the research progress
in four technical pathways for converting CO, into starch, protein, microalgae biomass, and
ethanol, and conducts carbon footprint and techno-economic analysis with ethanol as a typical case.
The results indicate that the carbon reduction potential of microbial carbon capture and utilization
technology depends on the supply mode of energy and value positioning of products. The in-depth
integration of synthetic biology and electrocatalysis is reshaping the economic boundaries of
carbon utilization. This study can provide references for technical pathway selection, research and
development investment decision-making, and policy formulation.

Keywords: microbial carbon capture and utilization; synthetic biology; techno-economic analysis
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Figure 2 Process flow diagram of ethanol production from industrial off-gas fermentation.
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